ABSTRACT The role ofexercise in aiding sputum expectoration in patients with cystic fibrosis and the comparative roles of exercise and physiotherapy in sputum expectoration were assessed in two studies. In the first study 19 adult patients undertook a two month programme of home exercise using a cycle ergometer. In the 12 patients completing the study peak work capacity, maximum oxygen consumption, and maximum minute ventilation had increased significantly by the end of the exercise programme; the increase in daily sputum weight (from 24 to 37 g) was not significant (p = 0 055). In the second study (with 10 patients) more sputum was expectorated during and after physiotherapy than during and after exercise (9 8 v 4 0 g). Exercise may have a role in aiding sputum expectoration in patients with cystic fibrosis but should not be considered as a replacement for physiotherapy.
Introduction
The importance of exercise as part of the management of patients with cystic fibrosis has been much emphasised. Swimming has been shown to improve forced expiratory volume and increase sputum clearance.' A three month exercise programme improved cardiorespiratory fitness and respiratory muscle endurance2 and a regular home exercise programme reduced breathlessness independently of ventilation. 3 In that study, as in others,4" there was also a reduction in the patients' residual volume, suggesting a reduction in trapped gas by opening up closed bronchi and collateral airways. It willingness to take part in the study. All were studied when well and six weeks after a previous course of antimicrobial chemotherapy. In all cases the lungs were colonised by Pseudomonas aeruginosa. At the beginning of the study each patient collected three days' expectorated sputum and the daily weight was calculated. Each patient underwent a maximal progressive exercise test with one minute increments on an electronically braked cycle (Corival 300). Measurements were made of peak work capacity, maximum oxygen consumption, and maximum minute ventilation. Body weight and FEV, and FVC were also determined.
All subjects received a Tunturi exercise cycle for home use. They were instructed to perform 10 minutes' exercise five days a week, starting at 50% of the peak work capacity determined at their initial progressive exercise test. When comfortable at a particular load they were instructed to increase the work rate on their cycle by 5 watts up to once a week. At the end of two months' training the three days' total sputum collection and progressive maximal exercise test were repeated. Compliance was assessed from a diary kept by the patient. The patients' home physiotherapy continued throughout the study. STUDY 2 Ten further patients, mean age 21 (range 16-33) years, again with P aeruginosa colonisation, were studied while in hospital because of a respiratory exacerbation. They were assessed on four days during the last week of their hospital stay and at the same time of day.
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Results

STUDY I
Twelve patients completed the first study; five patients had infective exacerbations and two failed to comply with the study requirements as they did less than three exercise sessions a week at home. The patients completing the study felt better subjectively after the training period. All patients produced more sputum during the physiotherapy period (mean (SD) 9 8 (7 0) g) than during the exercise period (40 (46) g; p < 0-01: figure) . No order effect was seen when the data were analysed according to whether exercise or physiotherapy was the initial procedure.
Discussion
Over the years the techniques of physiotherapy used for cystic fibrosis patients have been refined and the benefits studied.6 As patients enter adolescence, however, compliance may decrease, particularly with a rigorous daily regimen of postural drainage.7 Exercise may be pleasurable and is of benefit to patients with chronic airflow limitation.8 Similar studies in cystic fibrosis patients have shown considerable improvement in cardiopulmonary fitness29 and some patients have completed marathons.'0 Some studies have suggested that arduous exercise may replace physiotherapy.'4 This claim was based on the finding that when patients with cystic fibrosis stopped physiotherapy during a training programme there was no deterioration in lung function during the period of the exercise study; but there have been few studies assessing the effect of exercise on sputum 1008 expectoration or the relative contribution of physiotherapy and exercise to sputum production.
Our first study showed that during a strenuous but safe home exercise programme many of the patients with severe lung disease increased their sputum expectoration, though overall the increase was not statistically significant. As deteriorating lung function in such patients may be related to retention of infected sputum, it might be reasonable to recommend home exercise programmes for these patients.
Our second study suggests that this should not be at the cost of daily physiotherapy. In this study physiotherapy was more effective than exercise in inducing sputum expectoration. The possible reasons for this are that exercise and eucapnic hyperventilation accelerate mucociliary transport," but exercise is not as effective as coughing in producing peripheral clearance ofmucus. ' 
